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Tevatron: pp @ Vs = 1.96 TeV




Tevatron Performance
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B. Production at the Tevatron
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> Huge bb cross section x Background tracks

> Production of all heavy hadron ~ from fragmentation
species in fragmentation — High combinatorial
background
bUt Belle -
x inelastic cross section “
~103 times larger
than o(bb)

— Trigger




CDF and DO Detectors
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> Excellent mass resolution > Large tracking and
> Displaced track and muon coverage
di-muon triggers > Single + di-muon triggers
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SM:  BR(B, = u* u) = (3.42 = 0.54) X 10 [ Buras, Phys. Lett. B566, 115 (2003)
BR(B® — u* u) = (1.00 = 0.14) x 10*° suppressed by (V_/V..)°

3 b W
At current
oy sensitivity
any signal
would indicate
N \ new physics
H 5 W

NP: MSSM: BR ~ tan®(f3)
R-parity violating SUSY: enhancement also at low tan(p)




B°. — u* u~ Analysis

« Selection based on 2
> Neural network (CDF) )
> Boosted decision tree (DO)
- Combinatorial background filE
> fit to mass sidebands
« B — h*h'- background il oy oo
about ten times smaller ‘;ﬁ
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B — p* u Limit
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> SM: 3.4 x 10 x10'% pp Collisions




B, = u ¢

« FCNC: b — s y®

« Normalization: B®. — J/y ¢

> Limits on

Events / 5 MeV/c?
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BR(B, — w¢) / BR(B, - J/w )

at 95% CL.:

> DO (0.45 fb):
PRD 74, 031107

> CDF (0.92 fb!):
CDF note 8543

- CDF: 2.4 o signal

4.4 x 103
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> BR =(1.16 = 0.56 = 0.42) x 10°

> SM: 1.6 x 10°®
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B°_ Oscillations

b < Vt‘?,. t( ,Vts < S > Eigenstates with
| | defined mass
B, W) W BY and lifetime:
| | _
S S R N |Bsz) = p|Bs)+q|Bs)
Vts t th |B5H> — p|BS>_q‘B

« Schrodinger-Equation:
2 (120 - (- im) (120 }
dt \ |BO(t)) 2 1BY(t))
> Lifetime difference: AI' =T -T, = 2|I',,|cos(¢)

> Mass difference: Am = m,-m_ = 2|M_| — oscillation
> Phase: ¢ = arg(-M_,/I';,) — CP violation




B®. Mixing Frequency
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« Oscillation frequency in the SM:
2

T Tk
ptl}ptg

- Measured Am_consistent with (less precise) SM prediction

Amg = mpg —mp ~ mp. féSB B.




B®. Mixing Frequency
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« Oscillation frequency in the SM:
2

T Tk
ptl}ptg

- Measured Am_consistent with (less precise) SM prediction

Amg = mpg —mp ~ mp. féSB B.

> No new physics?




B®. Mixing Frequency
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« Oscillation frequency in the SM:
v |2
VisVis |

- Measured Am_consistent with (less precise) SM prediction

Amg = mpg —mp ~ mp. féSB B.

> Phase can still contain significant contribution from NP!
> SM: ¢ = Oﬂo&lﬁ If || > 0 = New Physics




CP Violation in Semileptonic Decays

* Flavor specific decay mode:

MB—f) - N|Af|2exp(2—Ft) {cosh(%)—l—cos(‘&mt)} > Semlleptonlc
asymmetry:
a,, = AI'/ Am tan(¢)

> SM:a°,, =2 x 107

D(B—[f) = N[A:*(1 +a)exp(—Ft) COos

o (57)
[B—f) = NAf2(1 - )22 {Cosh (A”) - cos(Amt)}
( (

B —f) = N|/if|2 exp(Q—Ft) {cosh

> Untagged, time-integrated analysis:

D(B/B— )~ T(B/B — f) =2N|Ag|* exp(~Tt)acosh (%)

> Tagged, time-dependent analysis:

MB — /) —T(B — /) [a, cosh (?) L (2+a) cos(Amt)]




Measurement of a .,

. B, D_u'X, DS — ¢m, KK

. L 5 .
« Correction for missing momentum 0 (tagged., 5 fb°)
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CP Violation in B, — J/y ¢

« Common decay mode:
BO/B°, = Jly o, JIw — p*u, ¢— KK

(el

« CP violating phase In interference:
Bs = arg (Vi Vi /Va Vi) = 0.02

Vts S
!
B, Wi w B,
I W
th b Vcb C
Jhy
C
VtsV:b 35
V., Vi / g;




Measurement of CP Violation (1)

| CDF Run Il Preliminary 2.8b"|
« If CP conserved: ~

mass eigenstates = CP eigenstates:
|Bs1.) = |Bscp+) |Bsw) = |Bscp-)

- |dentification of mass eigenstates Eo SN LN
via lifetime, if A’ # 0 ot v ) om
= po,281b + Data
o . . s [ B® — Jiy 0 —'IC'c;talvFr:]
- ldentification of CP eigenstates 200 = < M(B.) <546 GoV — Or-ane
via decay products: 8 b ctolen>s T Total Signa|

)5 < Qlw,¢) = 17 = CP(J/w o) = (-1)-
J(B®) = 0 - L=0,1,2

> Angular analysis
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Transversity




Measurement of CP Violation (2)

> B° decay in CP eigenstate f_.:

F(Bg — fCP) — F(Bg — fcp)

Acp(t) = —— ~ +sin(28;) sin( Amt
PO B for) TTBY  fop) AR sEmD
] . u'+ Same side
x Oscillation has to be JIY
resolved ”K_
x Production flavor has ¢K+

to be determined Opposite side 22

Effective tagging
power:

> Sensitive on CP violation eD? =4-5%
even for AI'=0




B°. — J/y ¢ Data Samples

CDF Run Il Preliminary L =281fb"
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 Di-muon trigger
 Selection with neural network (CDF) or cut based (DO0)




B° — J/y ¢ Result

CDF Run Il Preliminary

- — SM prediction
__ 0.6 — 95%C.L.
"0 - — 68%C.L.
£ 04
= i
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0.0
0.2}
-0.4f
- New Physics
-0.61
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CDF note 9458
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B. €[0.28, 1.29] @ 68% CL
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PRL 101, 241801

Constraint on

— -b. strong phases
2B
> SM p-value = 8.5% (1.7 o)
b, = -0.57 *¢55 (stat) 120y (

syst)



Combination

HFAG 1 1 HFAG
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> Hint for new physics?




Summary and Outlook

> B, — pp limit reaches interesting new physics region

> Measured B mixing phase CDF Simulated Data, Assumefp_=0.4
S
. . = 20
consistent with SM at S 100 T3 b dmgaes
1.70 (D0O) and 1.80 (CDF) - ks
. . Q0] L 50
- Combination at ~2¢ g 08
> Hint, but no evidence, S 0.6-
for new physics g
0 041
Z .
SM .
* Ist > 'Bs - . 0.2
Realistic chance for evidence i
or even observation of new 0.0 —————5

physics at the Tevatron Integrated Luminosity (fb™)
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Teaser

CDF Run Il Preliminary, L = 1.6 fb'
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B°. Mixing Measurements

L=1.0fb"

CDF Run Il Preliminary
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Strong Phases

> Same phases in

B,— J/w ¢

Kf and

Polarization amplitudes: A ,A ,A < L=0,1,2

CDF @
A4 note 9458
—@— DO —@—
PRL 102, 032001
i@ CDF o
note 8950
@ DO
PRL 102, 032001
o BaBar
PRD 76, 031102
Belle
@ PRL 95, 091601
| | I | | | | | | | | | | | | | | | | | | | | | |
0.2 0.3 0.4 0.5 0.6
A I? |A,l°




S Wave Interference

e cos(y) distribution sensitive on S wave interference

. -1
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ATl

DO Run II (2.8 b))

Y

AI' = 2|I' ,|cos(¢) e
03~ o B> Jiyo

— — Teven _ Jodd - SM
2|F12| o AFCP =1 I S e

dashed: 68% C.L.
dotted : 90% C.L.
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B - D®D®
S S S

Y

D% — ¢uv (u trigger)
> DY — ¢m
- Normalized to B, —» D "uv
- B(B,— D D) =
3.5 = 1.0(stat) = 1.1(syst) %
> Al I =72x21%222%

- D_— ¢m (disp. track trigger)
- D, — ¢m, K*K, rrrrrr

- Normalized to B® — DD,

« B(B,—~D.D)=0.94*2%

-0.42

> AT /T >1.2% @ 95% CL
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CP Violation in Semileptonic Decays

* Flavor specific decay mode:

T(B—f) = N|A? eXp(Q_”) {cosh (%) —I—cos(Amt)}
I(B—f) = NI|AJ|?(1 +a)eXp(2_m {cosh (%) - cos(Amt)}
IB—J) = N4 (1 - a)eXp(Q_m {cosh (?) _ cos(Amt)}
I(B—f) = N|Af|2€Xp(2_ L't) {cos %) —I—cos(Amt)}

> Semileptonic asymmetry: a, = AI' / Am tan(¢)
> SM:a°, =2 x 107

. Assume no direct CP violation: |A|=|A]




CP Violation in Semileptonic Decays

* Flavor specific
decay mode:

> Mixing analysis:

['(unmized) — I'(mized) = 2 N |A|* exp(—=Tt) cos(Amt)




CP Violation in Semileptonic Decays

» Flavor specific (=) = VAR S e (37 ) cosam |
decay mode: rB—f) = NAd o2 foon (271) — costamn) |
MB—J) = NAP(1-a) 'Xp<2_m {Co h (%) - (fos(Am.t)}

DB —f) = NJA PSR {c:osh (%) —l—cos(Amt)}

> Mixing analysis:
['(unmized) — I'(mized) = 2 N |A|* exp(—=Tt) cos(Amt)

> Untagged, time-integrated analysis:
I(B/B — f)—T(B/B — f) =2N|A|? exp(~T't) acosh (%)




CP Violation in Semileptonic Decays

« Flavor specific v - = Nl 22 Lo (B2 4 costamn |
decay mode: r(5 = f) = N IAd (402D Lo (211) - cos(amn) |
N(B—f) = NA( —a)exp(ft) {Cosh (%) —cos(Amt)}

DB —f) = NJA PSR {c:osh (%) —l—cos(Amt)}

> Mixing analysis:
['(unmized) — I'(mized) = 2 N |A|* exp(—=Tt) cos(Amt)

> Untagged, time-integrated analysis:
I(B/B — f)—T(B/B — f) =2N|A|? exp(~T't) acosh (%)

> Tagged, time-dependent analysis:

MB — /) —T(B — /) [a, cosh (?) L (2+a) cos(Amt)]




Angular Analysis

¢ rest system

p = (cos(07), ¢r, cos(vr))

Polarization amplitudes:

Ay A, = CPeven
A = CP odd

1
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Tagging Performance

] 0CDF Run Il Preliminary L=28fb"
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ag “F Slope = 0.98+0.12
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CP Violation in Semileptonic Decays

* Flavor specific decay mode:

[(B—f) = N|As? eXp(;Ft) {cosh (%) —I—COS(Amt)}
I(B—f) = NI|AJ2(1+ o) &) {Cosh (%) —cos(Amt)}
DB —f) = NIA;/2(1- o) SPT) {Cosh (g) —cos(Amt)}
N(B—f) = N|A; eXp(; L't) {cosh (g) —|—cos(Amt)}

> Mixing analysis:

['(unmized) — T'(mized) = 2 N |Af|* exp(—Tt) cos(Amt)




CP Violation in Semileptonic Decays

* Flavor specific decay mode:

I(B—f) = NI|A eXp(Q_Ft) {cosh (%) + cos(Amt)}
T(B—f) = N|A;] (1 +a)eXp(2_m {cosh (%) - cos(Amt)}
[(B—f) = NIJA;>(1- a)eXp(Q_m {c,osh (A;t) - COb(Amt)}
(B—f) = N|Af? eXp(Q_m {Cosh (AQH) + COS(Amt)}

> Untagged, time-integrated analysis:

D(B/B — f)~T(B/B — f) = 2N |Ay[? exp(~Tt) a cosh (g)




CP Violation in Semileptonic Decays

* Flavor specific decay mode:

I(B—f) = NI|A eXp(Q_Ft) {cosh (%) —I—cos(Amt)}
DB —f) = N|A/2(1+a) 2 {Cosh (A;t) - cos(Amt)}
IB—J) = NA2(1- a)eXp(Q_m {cosh (?) - cos(Amt)}
[(B—f) = NIA;? eXp(Q_” {Cosh (A;t) —I—COS(Amt)}

> Tagged, time-dependent analysis:

MB — /)~ T(B — f/F) [a cosh (%) L (2+a) cos(Amt)]




Decay Rate PDF

d*P(t, p)
dtdp

o< Aol FL(A) T (t) + | Ay |* F2(P) T (1)
+ AL (D) T () + [ Aol [ Ay £5(P) cos(8))) T, (t)
+  |A)[[ALl fa(P)UE) + [Aol|AL] f6(P)V(2)

= e 1" [cosh(ATt/2) F cos(20,) sinh(ATI't/2)]
= e 1" [cos(d) — 0y) sin(20,) sinh(AT't/2)]

= e 1" cos(81)sin(23,)sinh(ALt/2)]

: Angular distributions

Lifetime distributions




Decay Rate PDF

Ao|? f1(P) T, (t) + |AH|2J“2(ﬁ)T+(t) i/CP even

P odd T AL T-(¢) 4

| Aol [A)f] f5(p) cos(9)) T4 ()

+ | Al AL fa(p)U() + |Aol| ALl f6(P)V(2)

<4 interference

Ti(t) = e '"[cosh(AT't/2) F cos(23,)sinh(ATt/2)]
Ut) = et [cos(d) — 0y) sin(20,) sinh(AT't/2)]
V(t) = e 1Tcos(d1)sin(23,)sinh(ALt/2)]

e Invariance under 26s — —206s,01L —o1+7 | 5 4-fold

transformations:

Al' - —ATl', 26, — 20, + 7

ambiguity




Decay Rate PDF with Tagging

d*P(t, p)

e R Aol? FL(D) T (t) + | Ay 7 f2(p) T (1)
0

+ AL (P)T-(t) + | Aol [ Ay £5(P) cos(9)) T, (2)
+ A [[ALl fa(P)U(E) + [Aol|AL| fe(P)V(¢)

T (t) = e~ 1t [cosh(AT't/2) F cos(2s) sinh(AT't/2) B%.:n=+1
F nsin(Amgt) sin(20s)] BC:n=-1
Uty = e Jcos(d, — d)) sin(20;) sinh(AT't/2)
+1ncos(Amst) sin(6L — 9))) > ambiguity
— nsin(Amgt) cos(0, — 5”) COS(26«S)} reduced from
4- to 2-fold

V() = e 1'[cos(d,)sin(20,)sinh(ATlt/2)
+ncos(Amyt) sin(d )
— nsin(Amgt) cos(d, ) cos(20;) |
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